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Using GIS to Identify and Delineate Massasauga Populations in Indiana
Taylor Lehman and Bruce Kingsbury
Department of Biology and Environmental Resources Center, Indiana-Purdue University Fort Wayne
The Massasauga (Sistrurus catenatus) is a small rattlesnake that is 
in decline throughout much of its range. Due to these declines, it 
is listed as state endangered in Indiana and is a candidate for 
federal listing (Szymanski 1998). However, systematic surveys 
have not been conducted in Indiana in nearly twenty years, 
making an assessment of the status of the species in the state 
difficult. I will present the methodology used to identify and 
examine the spatial extent of the Massasauga populations 
potentially remaining in Indiana. I used historical observation 
records and Geographic Information Systems (GIS) to identify 
potential survey sites and the extent of suitable habitat 
surrounding these locations. Once populations are delineated they 
were prioritized to determine the survey order. This work will 
assist not only in determining survey locations, but will also 
clarify the current status of historical populations.
96 populations were delineated using 161 observation points. Because many of 
these observations and their respective populations occurred prior to modern 
anthropogenic development, many populations were likely connected historically.  
As such, it is expected that historically these populations were fewer in number. 
Furthermore, it is important to note that many, if not most, of these 96 populations 
are likely extirpated.
Delineated populations were prioritized to determine the survey order. 
The date of the most recent observation and the presence of suitable habitat were 
used to prioritize populations. Suitable habitat was defined as an open area in or 
near a wetland (Casper et al 2001, Kingsbury 1996). 
Figure 1: Step 1, a 5 km buffer 
(purple) was placed around each 
observation (orange). Step 2, each 
cluster of buffers was closely 
examined.
Figure 3: Step 3, roads (yellow) occurring in 
opposite directions to a massasauga observation 
(orange) are not considered barriers to dispersal.
Figure 4: Step 4, when an observation (as occurs here in the lower left corner) crosses 
under a single road but additional observations occur on the other side of a road, these 
observations are considered part of the same population. This is the same population 
referenced in figure 3.
Populations were identified using historical observation records 
ranging from 1892 to 2014. These observational data were mainly 
provided by the Indiana Natural Heritage Database. All records 
were then combined to create a single shapefile within ArcMap v. 
10.2.2 (Esri 2014). This shapefile was added to QGIS v. 2.6 
(QGIS Development Team 2014) and the proceeding methods 
were all accomplished in QGIS.
National land cover, national wetand inventory, state roads, state 
protected land, Nature Conservancy owned land, and county 
orthoimagery layers were all added to a GIS project with the 
observation shapefile. These layers assisted in population 
delineation and prioritization.
A stepwise system was created to establish and delineate 
population boundaries. This system was developed based on 
Casper et al (2001) and the recommendations of other herpetology 
professionals. Figures 1 through 5 illustrate these steps.
Survey sites within populations will be mapped and consist of only suitable habitat. 
Each survey site will be assigned the same priority as its respective population. High 
priority survey sites will be surveyed first during the spring and summer of 2015.
Once populations are surveyed, MaxEnt modeling will be used to identify regions 
where undetected populations may persist. Such sites may be considered for 
reintroduction and protection. Additionally, it is hoped that this research will be used 
to reevaluate the conservation status of the Massasauga.
Figure 5: A Massasauga population (yellow) 
delineated using a stepwise procedure. Part of 
a separate population also appears in this 
figure and is shown in green.
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Figure 2: Step 3, roads (yellow) were 
considered barriers to dispersal  unless a 
stream ran under them, as occurs here. In this 
case the second road is a barrier to dispersal 
(red arrow). Unsuitable habitat (not shown) 
was also considered a barrier to dispersal if 
1km or more in width.
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